Household Air Pollution Is Associated with Altered Cardiac Function among Women in Kenya
To the Editor:
Exposure to household air pollution from burning biomass fuels is a major environmental risk factor contributing to the global disease burden (1) . The greatest number of deaths attributable to air pollution are related to cardiovascular disease (2, 3) . Household air pollution exposure is particularly dire in sub-Saharan Africa, where the majority of homes burn solid fuel indoors for both cooking and heating purposes (4) . We describe the cross-sectional association between household air pollution measures of carbon monoxide (CO) and fine particulate matter (particulate matter less than or equal to 2.5 mm in aerodynamic diameter, PM 2.5 ) and echocardiographic characteristics of cardiac structure and function among women in western Kenya; an earlier version was presented as an oral abstract (5) .
Methods
We present a cross-sectional analysis of baseline data collected between December 2013 and November 2014 from 44 women enrolled in a prospective cook stove replacement study in Turbo subdivision, a rural agricultural community in western Kenya. Houses are constructed with mud, and the kitchen is generally a poorly ventilated, separate structure. Women cook indoors using a traditional open fire cook stove using locally acquired wood as fuel. Women at least 18 years of age spending a minimum of 4 hours per day in the kitchen, residing in the community for at least 6 months, and willing to allow household air pollution assessment in their home were included in the study. Active smokers and women with chest deformities prohibiting performance of an echocardiogram were excluded. The Institutional Review Boards of Duke, Stanford, and Moi universities approved the study, and all participants provided written informed consent.
Trained study staff collected baseline demographic, medical, and physical exam data on all participants. A research echocardiographer performed transthoracic echocardiograms using a Philips CX-50 ultrasound machine (Philips Healthcare) on participants after household air pollution measurements were collected. Cardiac chamber structure and function were assessed using dimensions, estimated pressure, ejection fraction, and myocardial speckle tracking imaging according to guidelines of the American Society of Echocardiography (6) . Household air pollution measures included household CO, measured in parts per million, using the EasyLog USB CO Monitor (Lascar Electronics); and PM 2.5 , measured in micrograms per cubic meter, using a nephelometric device (Personal Data Ram, 1000AN; Thermo Scientific) hung from the ceiling in the center of the kitchen by trained study staff. The equipment measures and records CO and PM 2.5 levels in intervals of 1 minute. The median value of air pollution levels in the kitchen across at least 20 hours of recording time was used as a proxy for individual participant exposure specifically from their home cook stove. For each participant, we calculated the 24-hour median levels of CO and PM 2.5 from these 1-minute averages to reduce the influence of transient high levels and outlier values.
We used linear regression models to assess the cross-sectional association between median 24-hour levels of CO and PM 2.5 with baseline echocardiographic measures, adjusting for age, body mass index, and years of education (7). We assessed trends across tertiles of pollutants by assigning each tertile the median pollutant level within that tertile and including the term as a continuous variable in a regression model. Categorizing the exposure variable in tertiles facilitates clinical interpretation of the outcome echocardiographic variables and avoids assumptions about linearity of the concentration-response relationship. We also modeled each natural log-transformed pollutant as a linear continuous variable. Analyses were performed in Revolution R Enterprise version 7.3 (Revolution Analytics).
Results
The mean age was 34. 5 The majority of participants across all three tertiles of CO had a normal estimated right atrial pressure ( Table 1 ). The mean tricuspid annular plane excursion and right ventricular systolic pressure were numerically higher in those in the highest tertile of CO but remained in clinically normal ranges. Mean left ventricular ejection fraction shifted progressively lower from 64.3% (SD, 4.6%) to 59.3% (SD, 7.8%) with higher levels of CO, and this difference was statistically significant in adjusted models (Figure 1 ). Results were similar in adjusted linear regression analyses considering log-CO as a linear continuous variable. Mean pulmonary arterial diastolic pressure was 9.1 (SD, 4.8) versus 6.3 (SD, 2.1) mm Hg in the highest versus lowest tertile of CO, with a statistically significant linear trend from the adjusted linear regression model (P , 0.05). No other statistically significant findings were observed. Results for PM 2.5 were qualitatively similar, but the associations tended to be weaker.
Discussion
This study demonstrates that CO and PM 2.5 levels are high inside homes using traditional cook stoves in western Kenya, and that higher CO levels are associated with both right and left heart abnormalities. The association between higher levels of household air pollution and echocardiographic abnormalities is stronger for CO compared with PM 2.5 . This pilot study provides a novel and unique assessment of intermediate cardiovascular disease endpoints using echocardiography in rural sub-Saharan Africa.
The results of this study suggest that inhabitants of western Kenya may be at increased risk for cardiac dysfunction with increased cumulative exposure to household air pollution (8) (9) (10) . CO itself at the observed levels may not be directly cardiotoxic but may serve as a useful indicator of a complex mixture of particles, gases, and volatile organic compounds from unvented burning of biomass fuels, which cumulatively have deleterious effects on cardiovascular health (11) .
Echocardiographic measures of cardiac function reveal greater dysfunction among participants with the highest household air pollution. The increased pulmonary artery pressures in women with high household air pollution are possible harbingers of subsequent right heart failure, a major public health problem in sub-Saharan Africa (12) . Higher levels of household air pollution were associated with reduced left ventricular ejection fraction, suggesting myocardial function may also be affected.
This study has several limitations. First, it may be challenging to detect an association between household air pollution levels and cardiac dysfunction because of the small sample size of this pilot study in women with no apparent clinical disease. Second, we use kitchen pollutant levels as proxies for individual exposures to household air pollution (13) . This may overestimate individual exposure, as the participant is not restricted to the kitchen for the entire duration of household air pollution level measurements. There may also be intrahousehold and seasonal variation in household air pollution levels in this region, which our study did not capture. Lastly, younger participants are less likely to manifest cardiovascular disease compared with older participants as a result of less cumulative exposure to household air pollution.
Traditional cooking practices continue to expose women in impoverished regions of the world to a high risk for cardiopulmonary disease (14) . This study reveals an association between greater household air pollution levels and both right-and left-sided cardiac dysfunction, using echocardiography as a critical imaging biomarker of subclinical cardiovascular disease. This study fills an important gap in the current literature on the relationship between household air pollution and cardiopulmonary disease in low-and middle-income countries and suggests future areas of research inquiry. n Figure 1 . Association between tertile of pollutant exposure and left ventricular ejection fraction. Higher levels of exposure to both carbon monoxide (CO) and particulate matter less than or equal to 2.5 mm in aerodynamic diameter (PM 2.5 ) are associated with reduced left ventricular ejection fraction (LVEF). Data are presented as mean (95% confidence interval).
